UNCLASSIFIED 


Refttoduced 
luf-  the 


ARMED  SERVICES  TECHNICAL  INPORMATON  AGENCY 
ARLINGTON  HALL  STAnffll 
ARUNGM  12,  VIRGINIA 


UNCLASSIFIED 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  THE  BEST 
QUALITY  AVAILABLE. 

COPY  FURNISHED  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


ROTICE:  When  goveixment  or  other  dravings,  speci¬ 
fications  or  other  data  are  used  for  any  puxTpose 
other  than  In  connection  with  a  definitely  related 
gOTenment  procurement  operation,  the  U.  S. 
Qoveniinent  thereby  Incurs  no  responsibility,  nor  any 
obligation  i^tsoever;  and  the  fact  that  the  Govem- 
aent  nay  have  fonmlated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  la  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


ASTIA  Document  No . 


July  1961 


C; 

CL 


S'-' 

RESEARCH  ON 

SUPER  POWER  MICROWAVE  AMPLIFIER 

Report  No.  U 

Fourth  Quarterly  Progress  Report 

CZ'  " 

1  April  1961  to  1  July  I96I 

u!,’  •' 

c;j 

P  ■■ 

by 

H.  L.  McDowell 

E  ' 

<r: 

S-F-D  LABORATORIES,  INC. 

0 

800  Rahway  Avenue 

Union,  New  Jersey 

f  'i 


Contract  DA  36-O39  SC-853T9 


f 

!r 


I ,  .1 


Department  of  the  Army  Task  Number  3A99-13“PG1-P5 


U,  S.  Army  Signal  Research  and  Development  Laboratory iPfjp 
Fort  Monmouth,  New  Jersey 


) 

i.  i  ! 

’  f^! 

A 


This  contract  Is  sponsored  by  the  Advanced  Research  Projects  Agency 
under  ARPA  Order  No.  I3O-6O,  Project  Code  No.  78OO 


XEROX 


ASTIA  Document  No. 


July  1961 


RESEARCH  OW 

SUPER  POWER  MICROWAVE  AMPLIFTBB 


Report  No.  4 

Fourth  Quarterly  Progress  Report 
1  April  1961  to  1  July  1961 


by 

H.  L.  McDowell 

Approved  by 
J.  Felnsteln 

S-F-D  LABORATORIES,  INC. 
800  Rahway  Avenue 
Union,  New  Jersey 


Contract  DA  36-O39  SC-853T9 

Department  of  the  Army  Task  Number  3A99-I3-OOI-O5 

U.  S.  Army  Signal  Research  and  Development  Laboratory 
Fort  Monmouth,  New  Jersey 


This  contract  sponsored  by  the  Advanced  Research  Projects  Agency 
under  ARPA  Order  No.  I3O-6O,  Project  Code  No.  78OO 


tabomforles,  inc. 


TABLE  OF  CONTENTS 


PURPOSE 

PUBLICATIONS,  LECTURES,  REPORTS  AND  CONFERENCES 
ABSTRACT 

1.0  INTRODUCTION 

2.0  THE  SFD-203  PROGRAM 

3.0  SMOOTH  BORE  EXPERIMENTS 

3«1  Small  Diameter  Smooth-Bore  Tube 

3.2  Electronic  Gain  In  a  Smooth-Bore  Tube 

3.3  Present  View  of  Space  Charge  Mode 

4.0  THE  SFD-202  PROGRAM 

4.1  Experiments  on  Turn-off  using  a  Control 
Electrode 

4.2  Complete  Interruption  of  the  Drift  Space 

4.3  Experiments  on  Grid  Wires  In  the  Drift 
Space 

4.4  Quadded  Anode  Tube 

4.5  Experiments  on  Leakage  Current 

4.6  Frequency  Response  of  the  SFD-202 

5.0  THE  X-BAND  PROGRAM 

5.1  The  SFD-205 

5.2  The  SFD-y07 

6.0  MULTI FACTOR  EFFECTS 
7.0  SLOW- WAVE  CIRCUIT  STUDIES 
8.0  CATHODE  STUDIES 
9.0  CONCLUSIONS 
10.0  PROGRAM  FOR  NEXT  QUARTER 


LIST  OF  REFERENCES 


S*F*JD  lahoratoiies,  tno. 


PURPOSB 


The  purpose  o£  this  contract  is  to  conduct  research  on  crossed- 
field  amplifiers  in  accordance  with  Technical  Guidelines  MW-21t  a  copy 
of  which  is  included  in  the  first  quarterly  report. 


PUBLICATIONS.  LECTURES.  REPORTS  AHD  OONFEREHCES 

1.  ■  Meeting  at  S-F-D  laboratories  to  discuss  contract »  April  21,  I96I. 

Mr.  J.  D'Andrea,  I.  Reingold,  K.  Garoff  of  the  Signal  Corps  and  J.  Feinstein 
and  H.  L.  McDowell  of  S-F-D  laboratories  were  present. 

2.  Classified  conference  on  Super  Power  Tube  Program  at  Lincoln  Labora¬ 
tories,  Massachusetts  Institute  of  Technology,  April  2^  -  26,  I96I. 

J.  A.  Saloom,  J.  Feinstein  and  H.  L.  McDowell  of  S-F-D  laboratories 
attended.  J.  Feinstein  presented  a  review  of  the  S-F-D  laboratories' 
program.- 
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ABSTRACT 

During  this  garter  construction  of  the  first  SFD-aOJ  tiibe 
ha.  been  conpleted.  The  tube  Is  now  being  pumped.  Experiment,  on 
the  SFD-202  and  SFD-205  have  ehevn  that  fre^piency  responses  flat  ever 
8  -  12?;  bandwidth  can  be  obtalnsd  with  constant  anode  voltage. 
Experiments  on  a  «,ooth  bore  tuba  have  ehowa  that  the  frequencies  of 
the  space  charge  mode  era  largely  determined  by  a  coaxial  line 
resonance  of  the  stem.  Experiments  on  the  SFD.202  have  shown  that 
control  electrode  turn-off  can  be  accomplished  with  a  geometry  which 

Is  compatible  with  our  usual  techniques  for  debunchlng  spokes  In  the 
drift  region. 
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l.O  iNTRODUCfTOW 

During  this  quarter,  the  SFD-20?.  SPD-203.  SFD-?05  and  SFD.?07 
programs  have  all  been  carried  fomard.  A  complete  SFD-203  tube  has  been 
constructed,  cold  tested  and  la  presently  being  pumped.  Tests  on  the 
SFD-205  have  yielded  promising  results.  In  one  experiment  we  obtained 
16  db  of  gain  with  boo  kw  output  and  I3  db  of  gain  with  700  kw  output. 

In  another  experiment  we  obtained  about  I3  +  0.75  db  gain  at  about 
300  kw  output  over  the  8.5  to  9.6  kMc  band  with  efficiencies  as  high  as 
59^.  Tests  on  the  SFD-P07  have  not  been  as  successful.  We  have  obtained 
about  150  kw  output  with  8  db  of  gain  and  efficiency.  We  era 
presently  trying  to  understand  the  reasons  for  the  differences  In  per¬ 
formance  of  these  two  tubes. 

As  part  of  the  SFD-202  program,  we  have  made  further  experiments 
with  a  smooth-bore  tube.  These  experiments  have  shown  clearly  that  the 
smooth-bore  mode  frequencies  are  tied  to  resonances  of  the  interaction 
space  and  specifically,  that  the  frequencies  observed  In  the  2  kMc  range 
are  related  to  a  TEM  mode  In  which  the  stem  Is  resonating  In  a  \/k  mode. 

Experiments  are  now  being  prepared  to  Investigate  the  effect  Of  damping 
these  modes. 

On  the  SFD-202  itself,  we  have  carried  further  the  experiments 
on  turn-off  using  a  control  electrode  and  have  demonstrated  such  turn-off 
in  a  configuration  more  practical  than  the  one  discussed  In  the  last 
quarterly  report.  Several  experiments  on  controlling  the  space  charge 
mode  were  tried  with  negative  results. 

Off  and  on,  we  have  been  troubled  with  muUipactor  effect*  in 
our  tubes.  Some  attention  was  given  Co  this  problem  during  the  past 
quarter.  At  least  a  partial  understanding  of  the  effect  was  obtained.. 

It  appears  that  multipactorlng  along  a  vane  surface  under  the  influence 
of  crossed  RF  electric  and  dc  magnetic  fields  is  the  major  source  of 
our  trouble. 
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Problem  with  out  beKyllium  copper  eethotfes  hav«  begun  to 
■bow  up  at  X'band  -  tho  main  «ymptoin  being  deactivation  of  the  cathodes 
after  area  have  been  drawn*  After  aueh  deactivatlont  v«  run  Into  the 
caaxlmuia  current  boundarj  pbenomenea  described  by  Jepaen  and  Muller* 

It  appears  that  a  tuba  operates  satiafaetorlly  as  long  aa  the  maximum 
current  boundary  has  not  been  exceeded  and  the  tuba  la  space-  charge 
limited*  If  VC  try  to  draw  currents  greater  than  this,  tha  tube  ceases 
to  operate  and  the  current  drops  to  a  low  value*  Thus,  these  tubes 
will  apparently  not  operate  at  all  under  emission  limited  conditions. 
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^.0  THE  SPD»gft^  PROGRilM 

Xht  fir«t  eoaplate  8^203  tube  vet  eenetrueted  during  thia 
quarter*  It  te  preaently  being  pumped  and  prepared  for  RF  test*  Figure 
I  above  e  photograph  of  thia  tube.  A  cathode  height  of  o.gJO  Inch  la 
employed  rather  thaa  the  O.h  to  0*5  called  for  in  the  initial  deaign 
to  lower  the  current  drawn  to  within  the  capabllltiea  of  our  herd  tube 
modulator.  A  control  electrode  will  be  tried  in  thia  tube  and,  if 
auccesaful,  the  next  experiment  will  be  performed  uaing  the  full  height 
cathode  end  e  dc  power  supply.  No  etteouation  ie  incorporated  in  this 
first  tube. 

Cold  teats  on  this  tube  shewed  an  insertion  less  of  about 
3  db  with  some  additional  dips  to  h  to  $  db  loss.  These  dips  ate  most 
likely  due  to  resonances  of  the  Urge  can  structure  in  which  the  circuit 
is  mounted.  We  decided  to  temporarily  bypass  this  problem  since  there 
are  frequencies  within  the  band  at  which  the  tube  can  be  aetisfaceorlly 
tested*  In  this  manner,  we  can  get  hot  test  data  most  quickly  and, 
thereby,  see  if  any  major  problems  show  up.  figure  2  Shows  results 
of  the  cold  test  measurements. 

We  can  make  a  quick  calculation  to  see  how  reasonable  the 
3  db  insertion  loss  Is  compared  to  an  Ideal  figure  for  an  array  of 
half-'wave  wires,  from  Pierce'  we  find 

c  *  27.3  («/v  )  M 

P 

where  R  m  the  surface  reslsciwlty  of  the  circuit  material 
■  377  ohms,  the  Intrinsic  resistance  of  space 

C  ■  the  velocity  Of  light 

V  •  the  group  velocity  of  the  circuit 
a 

N  *:  the  number  of  wavelengths  along  the  circuit. 
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FIGURE  i  •  FHOTOGIAPH  Q9  tUM  SFD-203 
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Weltig  th«  ayadixoneQt  xoTtast  as  3  Vr»  tft«  nelo  r  /y  •  0.3, 
sad  H  «  30  vavelengthg,  v«  find  f^r  a  eeppar  elMuit  allowlag**  factor 
of  !•?  ia  2t  for  sorfaco  roegbneso 


Ct  «  1.0  db 

the  dlserepaaey  betwiMi  thlo  ideoi  calm  nd  th%  3  db  vcasurad 
1*  aceounted  for  by  the  ilatto  airo  of  the  bars,  loaa  to  tba  Cj.  couplers 
which  is  not  included  in  the  above  csleolatiea  and  loos  lo  the  Input  and 
Output  elrcisles.  We  eatlmsto  that  with  care  Chaaa  toaaoa  night  be 
reduced  until  we  have  a  total  circuit  leas  of  about  2  db. 
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^•0  SMOOTH  BORE  EXPERTMBVTfl 

3«l  5mall  Dlametef  Smooth»Bpfe  Ta%» 

It  vlll  bt  remembered  frcdi  our  third  quarterly  report  that  a 
rather  confusing  picture  wae  «nerglng  with  regard  to  the  frequencies  at 
which  emooth-bore  modes  occurred.  Much  of  the  energy  appeared  to  be 
centered  around  ?  kMc  and  was  not  changed  froa  this  loeetiea  when  varying 
the  enode*to«eathode  spacing*  Sometimes  tunable  oscillations  were 
encounteredi  sometimes  the  oscillations  eppeered  to  stick  at  certain 
frequencies*  When  the  same  demountable  smooth-bore  tube  was  put 
together  with  a  0*910  dlanacar  eathoda  on  two  separate  occasiona, 
different  results  were  obtained* 

During  the  past  <tusrter  an  axperimant  was  performed  which  has 
shed  considerable  light  On  this  situation.  In  this  txpsrlroent,  an 
insert  was  placed  within  the  anode  of  the  saooth-bore  tube  to  reduce 
the  anode  diameter  to  0.1»00*  An  0.250  diaaeter  catlwde  was  used,  thus 
maintaining  the  anode -to-esthoda  spacing  about  the  ssae  as  in  our 
original  arperlments*  The  purpoae  of  this  axperinent  was  to  sec  If 
the  frequency  of  the  space  charge  nodes  scaled  up  in  proportion  to  the 
anods  size  reduction*  Vith  the  -new  snail  cathode  geometry,  there  vaa 
no  longer  room  for  a  hot  button  in  the  cathode*  We  hod  previously 
ascertained,  however,  chat  the  smooth-bore  tuba  could  be  started  by 
applying  an  input  pulse  of  several  kilowatts  to  ons  of  the  coaxial 
probea.  Va  thus  decided  to  use  this  nechod  of  starting*  The  coaxial 
probes  themselves  had  to  be  redesigned  to  a  smaller  sixe  to  fit  In  the 
new  geonctry*  Thus,  the  whole  geometry  of  the  tube  was  essentially 
changed* 

When  this  tube  was  tested,  two  interesting  features  appeared* 

Ont  of  these  was  the  maximum  current  boundary  phenomenon;  the  other  was 
the  fact  that  the  space  charge  mode  frequencies  had  remained  at  2  VMc  I0 
apite  of  all  our  changes*  The  tiaxlaum  current  boundary  phenomenon  is 
illustrated  In  Figvxa  3  where  vs  show  cuttent  sf  «  Amoties  of  febt  sscid 
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Attode-e«t1w4c  tpaeing  ■  0*075 
Cathed«  htight  ■  0.150 
Anode  bar  ■  O.bOO 


rXCURS  3  -  CURRENT  AS  A  FUNCIION  OP  1HS  SAnO  OF  HACNSnC  nSU>. 

B,  TO  THE  CUT  OFF  VAUIE  OP  nSU>»  FOS  OIPPERQCE 
AN008  VOtAUGfS  ^ 


S*JF*D  tatfOTatorics,  inc* 


of  thcwtnttie  fltld  to  th«  eot«o£f  fiold*  Iho  eurvent  toereaste  at 
fltld  i«  doertatod  imtil  a  sharp  bouiidary  Is  reached  sad  the  current 
drops  to  asro.  Vo  found  that  the  location  of  this  boundary  was  insensl- 
tiro  to  the  Input  power  used  to  trigger  the  space  charge  mode  over  a 
£lve-to-oae  ranso  froa  mlnimm  power  which  would  trigger  the  tube  to 
the  maximum  available.  This  indicatee  that  the.  boundary  is  not  related 
to  the  starting  proeeae*  (The  current  drawn  in  this  experiment  wae 
meaeured  after  tenalnetlon  of  the  Input  Kt  trigger  pulse^ 

The  area  of  the  cathode  in  this  experiment  Is  0*27$  timee  the 
area  used  in  the  previous  saooth  bore  experiments.  The  current  for  e 
given  le  however  such  Urger  than  0.275  of  that  drawn  from  the 

larger  diameter  smooth-bore  tube.  Tble  le  ehown  In  Figure  h  where  the 
reaylta  for  the  small  diameter  tube  arc  compared  with  chose  for  the 
large  diameter  tube  as  talcen  from  Figure  11  of  the  third  quarterly  report. 
It  would  appear  that  tha  graater  cuevatura  of  the  small  tube  has  eidtaneed 
the  epacc  charge  mode  rather  than  reduced  It  as  we  once  euspected.  It 
will  alao  be  noted  from  Figure  h  that  the  maximum  current  drawn  from 
large  and  email  dlamater  tubes  is  about  the  aame.  This  must  be  In  part 
a  mattar  of  coincidence  becauec  In  the  large  diameter  tube  cut-off  le 
reached  before  we  reach  a  maximum  current  boundary;  whereas  In  the 
email  diameter  tube,  a  clearly  defined  maximum  current  boundary  la  found 
for  fields  higher  than  cut-off.  Thus  la  the  large  diameter  tube,  the 
current  la  limited  by  aleetronle  effects  while  la  the  small  diameter  tuba 
it  le  apparently  limited  by  the  maximum  current  tha  cathode  le  capable  of 
delivering.  Xbe  reason  for  these  differences  in  performance  of  large 
and  small  diameter  tubes  le  not  presently  understood. 

Figure  5  shows  the  spectra  of  the  smooth-bore  oselllations 
as  obtained  from  the  small  diamecar  tube  under  several  different  operating 
conditions.  As  may  be  seen,  there  are  a  group  of  frequencies  near  2  kHe 
end  another  near  5  hHe.  The  2  kKe  oscillations  would  not  tunc,  but  those 
at  5  ^6  would  tune  with  magnetic  field  over  a  tiarrow  range.  The  bubo 
vat  Mnt  cold  dhedeed  for  feransmisslon  hetwean  the  ewo  coaxial  probe*. 
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nCOBI  k  -  OWASXSOII  or  CURSEMT  vs  B/b  ^  for  O.HOO  sod  1,070 
OXiOffiiai  SHOOXR^BORR  TUBES  ^ 


Relative  Output 


FIGURE  5  •  SKETCH3  OP  SPECTRA  OBSERVED  tU  0,l«)0  DIAMETER  AliOOK 
SMOOTH-BO&I  TUBS  AT  OimRGNX  VOLTAGES 
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A  gretip  of  rwoBaBCM  oas  dctaetad  la  the  2  to  klfe  ravge  though  no 
rasoBaaoea  vara  fotiad  near  $  kMe»  It  time  acana  axtreowly  likely  that 
the  amoeth-bore  node  fragaeaeiaa  •  at  least  thoaa  batvaen  2  and  3  kMc  - 
ara  tiad  to  circuit  resoeaneea*  It  la  likely  that  thesa  near  $  kMc 
era  also  tied  to  a  resonanca  but  that  va  missed  tha  rasoaanco  on  cold 
test*  V«i  tentatively  advance  tha  eonclualon  that  tha  apaca  cMrge 
node  phenonenon  la  en  extranely  broedbaad  one  end  that  tha  enact  fra* 

^ency  that  It  picks  to  oparace  la  datcrnlned  by  uhatevar  reaonancaa 
may  he  present*  This  eonclualon  la  further  Juatlflad  by  tha  obaarvatlon 
that  tuning  the  output  line  through  vhich  theaa  aodaa  ere  obaarvad  elao 
eansea  ahlfts  In  their  frequeaclaa*  A  lower  llnlt  to  the  frequenelaa 
permitted  la  obtained  when  tha  trails  of  the  Interaction  apnea  short  out 
the  Kf  fields  of  the  apaca  charge  node  between  regions  of  electron 
bunching  end  regions  of  electron  deficiency*  In  our  ceaa  this  appears 
to  be  about  1  kMc*  An  upper  boundary  to  the  pamltted  frequenelaa 
appears  to  be  the  cyclotron  frequency* 

Zt  vaa  next  noted  that  the  frequenqr  of  2  kMc  eorreaponded 
roughly  to  that  at  which  the  cathode  »tm  vaa  a  quarter  wavelength  long* 
Further  experiments  did  Indaed  show  that  the  obsarved  rasonaneaa  are 
TQi  modes  In  which  tha  stea  eeca  aa  a  quarter  wave  coaxial  resonator* 

Such  raaonancee  wars  obaarvad  on  a  atea  assembly  alone  renovad  from  the 
tuba* 

The  next  obvious  ati^  la  to  find  out  what  happm  when  tha 
raaonences  of  the  Interaction  space  are  damped  out*  It  la  our  auaplclon 
that  the  apace  charge  node  will  continue  to  drew  current  but  that  It  will 
generate  a  broad  apactrvoi  of  nolaa*  To  check  thla»  va  ara  now  constructing 
e  smooth  bore  experiment  in  which  n  teerbon  loaded  cerenlc  abeorber  la 
used  as  tha  anode.  Thl#  will  be  dona  using  tha  large  smooth  bote  geometry. 
The  dc  resistance  of  the  abaorber  la  low  enough  ao  that  there  will  be  only 
a  few  hundred  volts  drop  between  Its  face  vhern  tht  nlaetrona  ara  collected 
cal  tha  ■ftpl  nurteoa  aa  which  it  taata* 
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3-2  JEleetrenle  Ga^n  In  •  8g^«yotS«Bofe  IViba 

During  some  experiment*  on  tb*  «eondav4  size  *mooth»bore  tube 
(1*070  inch  dlaaeter  anode*  0*91’0  Inch  diameter  cathode)*  It  wae  observed 
that  not  only  will  an  KF  signal  trigger  the  smooth  bore  on  with  the 
cathode  running  completely  cold  (hot  button  turned  off)  but  that  this 
signal  will  experience  electronic  gain;  l.e.*  the  eoupLlng  loss  between 
probes  1*  reduced*  Ket  gain  between  probes  wae  never  obtained  but  the 
coupling  loss  wee  decreased  by  a  factor  of  10  db.  The  amount  of 
electronic  gain  ves  greatest  when  the  polarity  of  the  magnetic  field 
was  such  that  the  electrons  traveled  the  abort  distance  between  probes  • 
See  Figure  Sk.  As  magnetic  field  was  varied*  there  were  a  eeries  of 
variations  In  gain  and  a  greater  number  of  varlationa  In  atarting  time 
delay. 

It  would  appear  that  the  clcetroalc  gain  ie  a  crosaed-fleld 
klystron  like  effect  since  tba  gain  la  greatest  for  the  shortest  path 
length  of  the  electrons  between  probes*  Apparently*  the  aleetrooe  become 
velocity  modulated  hndcr  the  input  probe  and  this  velocity  modulatloa  ie 
converted  either  to  displacement  or  density  modulation  under  the  output 

e 

probe.  As  the  magnetic  field  ia  changed*  the  optlmm  drift  length 
changes.  This  jnay  account  for  the  power  output  variations*  If  the 
electrons  have  to  go  the  long  vey  around  the  tube  between  input  and 
output  probea*  the  modulation  avidentelly  decays  end  the  electronic  gain 
is  less*  If  on  the  other  hand  the  gain  nechanism  were  a  diecetron  Ilka 
mechaoisn  such  as  va  eoepect  for  the  epeee  charge  node*  ve  would  esepeet 
that  the  gain  would  be  higher  the  long  way  around  the  tuba  if  there  wera 
any  difference  at  all*  Ihue  tha  affect  we  eee  is  not  likely  to  be  a 
diocotron  effect  and  may  ba  unrelated  to  the  epace  charge  mode  phenomenon* 

Starting  time  delay  in  this  axperlment  may  have  to  do  with  tha 
phase  at  which  electrons  return  under  the  input  probe  after  a  cinglc 
transit  around  the  tuba*  The  ntmber  of  minima  in  starting  time  delay  at 
•  funetloa  of  nagnetit  field  tppaart  to  ba  about  four  tlnw  ttM  wabtf  tf 
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•  FZCORE  6k  •  SKETCH  SHOWING  WHAT  IS  MEANT  BT  SHORT  AND  LONG 
DIRECTIONS  OF  ELECTRON  FLOW  BETWEEN  PROBE 
POSITIONS 
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Vtgslcs  In  the  eleettonio  geia  ewvt.  Ibue  it  vould  appear  llVely 
that  the  atattitig  time  dcUy  rarittiottt  are  raUted  to  tranalt  tine 
All  the  vay  around  the  tuba  while  variationa  In  eleetronte  gain  are 
related  to  trenslt  time  bctveea  proheat  t»e,,  a  quarter  of  the  way 
around  the  ttibe. 

3«3  Iraaent  View,  eg  gpaee  Charea  Mode 

Xa  oar  aeeood  quarterly  report,  we  atarted  aa  analyeie  of  the 
•eooth  Brlllouln  tmh  in  a  erea8cd*field  tube  with  a  conclnuoutly 
emitting  cathode.  Ihle  analysie  ie  eeaeatlally  BoaeBann'e^.  It  showe 
that  there  may  ha  a  mechanlaa  for  huh  Inetablllty  where  o  >  to  but 
experimentally  we  do  not  observe  thla  and  cs  <  foe  all  our  space  charge 
modes.  In  the  region  of  <0  <  wa  flad  aa  Inverted  reaetanee  characteriatle 
looking  into  the  electron  cloud.  If  thte  ia  leaded  with  a  positive  con¬ 
ductance,  huh  surface  Instebllitlea  cea  occur.  With  perfectly  eonduetlog 
walle,  the  hub  should  he  stable.  Xa  the  aecond  guarttrly  report  we 
speeulated  that  the  flnlta  conductivity  of  the  walla  might  give  rlsa  ta 
a  slight  net  gala  and  If  tha  hub  want  around  tha  tuba  enough  times,  this 
small  gain  over  A  long  distance  might  ba  enough  to  account  for  the  hub 
break  up. 

During  tha  third  quarter  an  esperiment  wae  performed  which 
appears  to  show  this  explaiMtloa  to  he  incorrect.  As  described  in  Section 
h.3  the  third  quarterly  report,  an  axperlment  was  conducted  la  which 
the  re-entrancy  o£  the  electrons  was  olimlnated  by  c  collector  la  the 
drift  space  of  a  tuba  end  electrons  vers  started  off  near  the  Input  frwe 
a  hot  cathode  button.  Xhls  tube  drew  current  as  a  result  of  a  space 
charge  mode  thus  Indicating  that  the  gala  mechanism  of  this  mode  is  high 
enough  for  the  mode  to  build  up  to  appreciable  amplitudes  for  a  single 
transit  of  the  sleetroos  around  the  hub.  Thus,  it  appears  chat  we  hare 
to  look  Cor  a  higher  gain  eCfect  than  any  we  can  derive  from  e  Brilloala 
hub.  Such  e  gala  effect  can  be  postulated  If  we  look  ag  the  atrletcg 
solutlouA  tot  tha  h(d»  space  charge  ao  4cseribed  fey  example  in  Blatcs^« 
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In  luefi  •olutlont  CU  tpaet  eliavg*  41«trl1)irt!loa  am  electron  ttejectorlee 
Appear  ae  alcetched  la  Tignre  tha  outer  rln  of  apace  charge  In  thle 
solution  beglne  to  look  a  bit  liko  the  ttrip  bean  la  an  injected  beaa 
ceeased-fleld  tube.  Xt  it  th»t  quite  poatible  that  the  outer  rim  can 
support  waves  on  both  its  top  and  bettoa  surface  and  that  these  ean 
couple  giving  rise  to  dtoeetroo  gain.  Another  way  of  saying  thle  1« 
that  thj  rim  me/  he  unstable  with  respeet  to  bowing  along  the  direction 
of  travel  whereas  the  Brlllouia  hub  la  net.  Thus  it  may  well  be  an 
InetabiUty  of  the  etvieted  eolution  that  gives  rise  to  the  space  charge 
mode  rather  than  an  inetabillty  of  the  lowest  order  or  Brillouln  eolution 
of  the  hub.  At  present  this  leoko  to  ue  like  the  most  reasonable 
explanation  for  the  space  charge  aiode. 
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FIGURE  6B  •  sKsica  or  snuTZD  srAcs  emot  ui  ns 
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1.0  THl  Sf  P«gegl  »R0G»ilf 

4.1  lxperla«nti  o«-luWoff  wlMt  .aJBJOtrftl  llaotrod* 

Xn  the  last  ^axtasly  V«f«rt  «•  iitcuMtd  «  nathod  of  turning 
off  a  erorsadafiald  aapUflar  bj  palsing  a  at^ent  of  tha  cathoda  ppat** 
tivo  wicit  respect  to  tbe  natii  eathede.  Tbla  ■ogment  then  collected 
cite  circulating  current  and  caused  tum^Off.  The  segnent  used  in  chic 
case  conscltuCed  one-chtrd  of  tbe  cathode  ciceomferenca.  Oatiag  the 
past  quarter*  we  have  performed  further  expcrlaeata  OS  control  electrodes 
In  an  attempt  Co  get  a  cenfiguratioa  that  would  fit  ubolly  vttbla  tbe 
drift  space. 

The  first  e^erlment  tried  used  e  control  electrode  configuration 
as  ahown  In  Figure  7A,  With  a  do  voltage  of  1$  kv*  •  3  4v  pulse  peoitlve 
with  respect  to  the  cathode  gave  turo-off.  VlCb  less  than  C  3  kv  pulae, 
turn-off  was  not  obtained.  There  was  a  aherp  dsmercatlon  between  the 
pulse  voltage  required  for  turn-off  end  that  tdileh  would  not  give  turn-off. 
Thus  •  the  mu  for  this  configuration  is  3* 

In  the  second  experiment  we  used  the  conflguratlea  shown  in 
Figure  7B.  This  configuration  combines  tha  control  electrode  with  our 
normal  drift  section  geometry.  We  were  not  eble  to  get  a  Complete  test 
of  this  configuration  because  the  tube  wee  demeged  by  an  are  drawn  from 
end  hat  to  pole  piece.  Before  arcing  tbe  tube  was  operating  satisfactorily 
with  a  h.5  kv  control  electrode  pulse.  '  Ko  attempt  bad  been  made  up  to 
this  time  to  tower  the  control  eleetroda  voltaga  below  4.3  kv.  Ve  era 
presently  preparing  to  repeat  thia  exparimeot  with  increased  end  hat  to 
pole  piece  spacing  to  reduce  arcing. 

Complete  Interruption  of  the  Drift  Space 

Xo  Section  k.3  of  tba  left  quaxtorly  report  vs  dteeuesed  an 
experiment  Itt  which  the  drift  epaee  was  completely  interrupted  end  a  hot 
cathode  button  was  used  near  the  input.  This  tube  operated  In  «  space 
charge  mods  ip  spits  of  tbs  intscevption  of  tbs  slcotrontc  feedback. 
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FIGURE  7A  -  SKETCH  OF  CONTROL  ELECTRODE  GEOMETRY  IN  WHICH  A  CONTROL 
ELECTRODE  PROTRUDES  FROM  CATHODE  IN  DRIFT  SPACE 


FIGURE  TB  -  SKETCH  OF  CONTROL  ELECIRODB  GEOMETRY  IN  WHICH  CONTROL 
ELECTRODE  1$  MOmTTED  AT  6N9  Of  CATfODfi  CUT*iA(X 
SECTION  IK  DRIFT  SPACE 
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IXirlng  tike  past  quarter  we  repeated  tills  experiment  tdtb  at  a^aorbet 
mounted  dlrectlp  on  the  top  ol  tlie  wanes  of  the  clrcutt*  The  purpose  of 
this  experiment  was  to  see  If  ve  could  damp  out  the  space  charge  mode 
by  eliminating  Its  means  ef  feedback^helieved  to  be  fast  RF  wave  In  this 
case.  Experimentally,  we  found  the  space  charge  mode  unaffected  by  thla 
absorber*  Ve  know  now  as  %  result  of  the  experiments  on  the  smooth-bore 
tube  discussed  above^  that  a  major  source  of  feedback  may  be  a  TEH  mode 
resonance  near  2  kMc.  Thla  mode  would  not  have  been  much  affected  by 
the  absorber  on  the  vanes* 

h.3  Experiments  on  Grid  Wires  In  the  Drift  Space 

Several  experiments  were  tried  with  grid  wires  mounted  clreum- 
ferentlslly  in  the  drift  space  as  sketched  In  Figure  8.  These  wires 
were  mounted  on  a  support  separate  from  the  cathode  so  that  they  would 
be  biased  positive  with  respect  to  the  cathode.  It  was  Intended  that 
the  wires  be  located  just  outside  the  hub  and  operate  at  the  normal  hub 
surface  potential.  It  was  thought  that  the  wires  might  short  out  the 
RF  field  of  the  space  charge  mode  In  the  drift  space  and  thereby  prevent 
Its  operation. 

The  Inclusion  of  this  grid  was  a  difficult  mechanical  problem 
and  several  false  starts  were  made  before  a  successful  test  was  made. 

The  results  were  that  the  grid  does  not  reduce  the  space  charge  mode  and 
that  it  is  difficult  to  avoid  intercepting  a  large  current  on  the  grid 
thereby  lowering  efficiency*  This  type  of  grid  appears  to  be  an 
unpromising  approach  for  control  of  space  charge  modes  and  experiments 
on  It  will  not  be  carried  further* 

Quadded  Anode  Tube 

A  tube  was  constructed  and  tested  having  an  anode  In  which  the 
else  of  the  slets  between  vane  resonators  and  serpentine  line  were  varied 
In  groups  of  four  from  mils  to  2^  mils;  l.e*,  the  first  four  slots  of 
the  circuit  would  be  4^  nils  wide,  the  next  Sotft  2^  mils  wlte,  etCa  This 
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technique  la  known  aa  quaddlng*  Xn  coaxial  nagnetrona  It  baa  been  a 
ItVOng  tool  In  eliminating  modlng.  In  our  caae  ve  believed  that  a 
poaalbtlity  exiated  ot  reducing  the  apurloua  nolaa  near  the  jt  mode  by 
qaadding.  Teata  ahowed  however  that  the  quadding  had  practically  no 
alCect  on  performance* 

^•5  Bxperimenta  on  Leakage  (^^frent^ 

to  determine  how  much  leakage  current  waa  drawn  from  the 
Interaction  apace  to  the  pole  piece*,  we  conatructed  a  cover  for  our 
demountable  SFD-202  tubea  having  the  pole  face  Inaulated  from  ground 
by  a  thin  ceramic  wafer.  A  separate  lead  was  brought  out  from  this 
insulated  pole  face  so  that  we  could  monitor  the  leakage  current.  The 
effect  of  Insertion  of  the  insulating  wafer  on  magnetic  field  was 
checked  and  found  to  be  negligible. 

This  cover  with  insulated  pole  face  was  used  to  check  leakage 
current  in  two  separate  experiments  on  the  SFDo202.  tn  both  cases,  the 
measured  leakage  current  was  found  to  be  very  low  «  amounting  to  no 
more  than  2*1/23^  of  the  total  current  at  low  magnetic  fields  and  no  more 
than' 136  at  normal  operating  field.  Assuming  that  an  equal  leakage  current 
was  drawn  to  the  lower  pole  piece,  the  total  leakage  Current  amounts  to 
2  to  336  of  the  cathode  current.  This  means  that  essentially  all  the 
cathode  current  goes  directly  across  to  the  anode  even  when  the  aiagnetic 
field  is  low  enough  so  that  the  hub  surface  extends  beyond  the  end  hat 
radius.  Prior  to  this  experiment  the  possibility  seemed  to  exist  that 
some  of  the  large  current  drawn  et  igw  ratios  of  B  to  was  leakage 
to  the  pole  pieces.  This  experiment  shows  that  leakage  effects  are 
negligible. 

U,6  Frequency^  Response  of  the  SFD-20g 

The  frequency  response  of  the  SF0*2O2  was  measured  with  a 
constant  3  input  drive  at  three  different  values  of  magnetic  field, 
figure  9  shows  the  results.  At  high  magnetic  fields  the  output  slopes 
«pwes4  toward  the  lot««r  Ireqoeiicles*  The  slqpo  oC  tho  curve  reprosemts 
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a  coinpreint»«  betw«ea  two  effects  •  rt«  sagfltCfifc  of  ef»t  field  «c  the  hob 
surface  end  cbe  ratio  Of  CtiOde  volcego  to  the  Hartree  voltage*  At  lov 
frequenctee,  the  rate  of  decay  of  the  RF  fields  away  frow  the  circuit  U 
less  rapid  end  the  RJT  field  et  the  hub  etnrfaee  ie  sctonget  than  at  high 
freqaenctea*  This  tende  to  vahe  the  tube  dtav  a  higher  eutxeAt  and 
causes  the  gala  to  be  higher  at  the  low  frequeocy  end  of  the  band.  Oo 
the  other  hand  for  fteed  voltage  and  nagnetle  field,  the  percentage 
over-voltage  Is  larger  St  the  tipper  end  of  the  hand  as  may  be  seen  from 
the  sketch  of  Figure  10.  By  proper  choice  of  magnetic  field  for  A  given 
voltage  (or  vice  versa)  these  two  effects  eao  be  made  CO  balance  and  the 
average  slope  removed  from  the  frequency  response  curve. 

The  wiggles  la  thft  curve  of  Figure  9  are  believed  to  be 
related  to  circuit  reflections.  This  curve  covers  a  range  over  which 
the  feedback  caused  by  electrons  not  being  completely  debanched  In  the 
drift  space  would  alternate  Several  times  from  positive  to  negative. 

The  absence  of  such  periodicity  In  the  frequency  response  Indicates  that 
such  feedback  is  small. 


FIGURE  10  -  SKETOi  SHOWING  HOW  CONSTANT  VELOCITY  LINE  INTERSECTS 
a>-a  PLOT,  THE  PERCENTAGE  OF  VOLTAGE  ABOVE  THE 
HARTREE  VALUE  IS  GREATER  AT  XHS  UPPER  END  OF  THE 
BAND  THAN  AT  THE  LOWER  END 
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5.0  THE  X-BAND  PROGRAM 
5.1  The  SFD«g05 

The  SFr-205  I*  an  X-band  serpentine  line  tube  similar  In 
principle  to  the  SFO-502.  It  is  a  higher  power  tube  than  the  SFD-202 
and  operates  at  a  higher  synchronous  voltage  thus  making  the  spaclngs 
in  the  serpentine  tine  greater  than  In  the  SFD-202.  We  consider  the 
design  of  the  SFD-205  to  be  a  “practical  one"  whereas  we  do  not  so 
consider  the  SFD-202  design.  From  tests  on  this  tube  we  expect  to  get 
a  clearer  understanding  of  the  operation  of  a  forward  wave  crossed- 
fleld  amplifier  at  this  moderate  gain  (I5  db)  level.  This  will  assist 
us  later  in  interpreting  results  on  the  higher  gain  SFD-2O3. 

The  first  extensive  testing  of  the  SFD-205  has  been  conducted 
during  this  quarter.  One  major  problem  has  shown  up  -  the  beryllium 
copper  cathodes  tend  to  deactivate  after  arcing  has  occurred  In  the 
tube.  This  problem  will  be  discussed  further  In  the  section  on  cathodes. 

A  second  problem  has  been  a  tendency  to  multlpactor.  This  problem  Is 
also  discussed  below.  In  spite  of  these  difficulties  some  very  interesting 
results  have  been  obtained.  Figure  11  shows  a  scatter  of  points  taken  at 
different  magnetic  fields  and  voltages  on' a  plot  of  power  output  as  a 
function  of  power  Input.  It  Is  seen  that  gains  afl  high  as  17  db  and 
power  outputs  as  high  as  700  kw  were  obtained.  These  results  were 
Obtained  in  an  early  test  In  which  the  anode  was  loaded  heavily  by  an 
absorber  so  Chat  transmission  was  obtained  only  over  a  narrow  bandwidth. 

vas  necessary  because  the  end  slots  of  the  circuit  were  radiating 
giving  rise  to  •  very  ragged  bandpass  characteristic  unless  the  absorber 
was  used. 

In  eubsequent  cold  tests  the  radiation  problem  was  cured  by 
putting  short#  part  way  up  the  first  and  last  slots.  The  bandpass 
characteristic  then  looked  relatively  good  over  the  8.5  to  9.5  VMe  band. 

h  hot  test  performed  on  this  tube  gave  the  results  shown  In 
Flgwse  19,  A  yelsttvelf  fist  eorve  was  ohgslned  with  IS  to  I3  db  of  gain. 
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rXClIRE  11  *  POWER  OUTPUt  AS  A  FUNCTJON  Of  MWER  INPOT  FOR  TRB 
SFD-20S  DIAGRAM  SHOWING  A  SCATTER  OF  POINTS 
TAKEN  DURING  INITIAL  MEASORSIBNXS 
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FIGURE  1?  -  CAIN  AS  A  FUNCTION  OF  FREQURNCT  FOR  THE  SFD-209 
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tfflelencles  v«f«  qult«  good  and  are  teatVed  alongside  the  aeasured  points, 
tt  is  believed  that  with  further  effort,  this  gain  can  be  raised  to  15  db 
with  eqnparable  flatness. 

Another  gratifying  result  obtained  with  the  STD-fiOJ  is  that  the 
noise  performanse  it  Siuch  better  than  that  of  the  SPb-SO?.  With  inputs 

as  low  as  iO  lew  ths  slgnal<to-spiirioua  ratio  appears  to  bo  greater  than 
30  db. 

Thua,  In  oplte  of  our  problens,  thero  aro  indieatlona  that  tha 
SFI)«£05  It  capable  of  perfomlng  conaldcrably  better  than  the  Stiy^202» 

5.2  The_Srp-gOT 

la  tha  SFD-SOT  prograa,  we  have  experienced  the  aama  problOM 
with  cathodes  and  siultipaetorlng  as  in  the  SFO-gOS,  These  problems  have 
prevented  us  from  obtaining  any  estenslve  data  on  the  tube.  The  dace  ve 
have  obtained  Indicate  the  tube  haa  low  gain  •  lowar  than  we  should 
expect  from  experlenca  with  a  similar  tube  with  fewer  sections  on  0 
previous  program.  These  results  wars  presented  on  s  f  -  1  plot  with 
power  outputs  and  efficiencies  marked  alongside  the  stpeclBontal  points. 
Cains  in  the  8  to  9  db  range  were  obtained.  We  feel  that  there  may  be 
something  wrong  with  thi«  tube  other  Chan  just  eethod#  and  sultlpaecor 
troubles  which  explain  its  relatively  poor  performance. 

As  with  the  SFD-205.  the  signal'to-nolse  performance  of  the 
SFD-207  is  much  better  than  that  of  the  SFD-at)2. 
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6.0  MULnPACTOR  EFFECTS 

Attenuation  of  high  power  signals  passed  through  Our  tubes  bf 
multlpactor  effects  has  been  a  continuing  source  eC  difficulty*  These 
effects  are  particularly  severe  after  a  demountable  tube  has  been 
operated,  opened  and  rebuilt  several  times.  Evidentally  orldaClOA  Of 
the  copper  surfaces  Increases  secondary  emission  ratio  and  edhsoees 
muleipactor  Operation*  When  tube  bodies  which  have  been  giving  nulttpactor 
are  passed  through  a  hydrogen  furnace  the  multipactoring  is  often  completely 
ellmloeted  for  a  while  or  at  least  much  reduced. 

The  appearance  of  an  R?  pulse  undergoing  multlpactor  attenuation 
ie  sketched  in  Figure  13A.  There  la  an  initial  spike  of  tViiasinisslon 
after  vhlch  the  pulse  "collapees".  Ihis  effect  can  be  observed  vitb  no 
voltage  applied  to  the  cathode  and  le  not  greatly  effected  wbea  voltage 
is  applied*  A  typical  curve  giving  attenuation  introduced  by  multi* 
paetorlng  es  a  function  of  magnetle  field  la  shown  in  Figure  I3B*  At 
high  magnetic  fields  there  ia  no  multipactoring*  This  Indicates  that  the 
multipaeter  effect  must  be  aeross  magnetic  field  lines  since  multipactoring 
parellel  to  the  magnetic  field  would  not  be  eliminated  by  high  field*  On 
the  other  band  multlpactor  dlechaxges  hecween  vane  tips  or  between  vane 
tips  and  cathode  should  not  occur  at  the  power  levels  employed  (for  magnetic 
fields  of  more  than  a  few  hundred  gauss)  beceusa  these  discharges  would  ha 
"cut-off"  by  the  magnetic  field  turning  the  electron  trajectoriee  just  as 
it  does  la  normal  crossed^field  Interaetibn*  Further  it  would  not  be 
expected  that  such  multlpactor  ^seharges  would  show  maxima  ss  s  function 
of  magnetic  field  as  art  observed*  In  some  experiments*  the  cathode  was 
completely  removed  from  the  tube  and  mulelpaGtorlng  continued*  Thus  w« 
must  look  further  for  the  cause  of  our  multlpactor* 

A  likely  source  for  this  multlpactor  effect  is  sketched  in 
Figwa  Ih*  Zlectrens  multlpactor  along  the  surfaces  of  the  vanes  helng 
turned  by  the  magnetic  field  so  that  they  return  to  ths  vans  freu  which 
the;y  scsrced*  A  costitiuops  sourct  of  sissficoss  sg  tbs  stsstisg  fOtak  of 
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FIGURE  11^  -  SKETCH  SHOWING  POSTULATED  MULTIFACTOR  MECHANISM 
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th«  multlpaetoT  i«  provided  eitfces  hj  tleCtron*  delivered  by  the  multi* 
peetor  dieehatse  going  la  tbo  eppooito  dlreeelon  oo  the  opposite  vane  os 
by  eleotreat  drifttag  back  midway  betveea  vanes  vnder  the  influence  of 
epaeo  charge  foteos*  Zfc  should  he  remembered  that  a  eomparattvely  small 
percentagu  feedback  will  be  required  to  keep  an  effect  of  thle  nature 
going  for  even  e  moderate  number  of  multlplleatlon  steps*  There  are 
also  probably  seme  eleetrone  vhieh  remain  In  the  space  between  BX  pulses 
and  esotot  in  getting  the  dlsch  >;ge  initiated  In  each  hP  pulae*  Thia 
may  be  deduced  from  the  feet  that  when  RP  input  is  first  applied  there 
is  usually  a  delay  of  several  oeeondo  before  the  dlaebarge  will  start* 
Once  itarted*  however*  the  multlpaetor  oeenrs  on  every  pulse  end  the 
starting  time  lo  measured  in  niesoseconds* 

Zt  will  be  noted  that  tha  mechanism  postulated  here  la-  one 
that  will  bo  oeneltlve-  to  aiagaetle  field*  It  will  give  a  maximum 
attenuation  when  the  time  reenlred  for  an  electvon  starting  from  the 
vane  aurfaee  to  return  to  the  ourfaee  is  Just  one  RP  cycle*  Ve  can 
set  up  the  force  e^attona  and  oolvt  for  this  condition  to  see  if  .It 
eorrespoads  with  the  observed  attenuation  maatma*  Vo  can  thus  write* 
using  the  coordinate  system  of  Pigurc  Ih 


m  ^  *  c  E  sin  cot  •  e  B  1 
a  I  -  e  B  f 


(1) 

(2) 


where  e  and  m  ere  the  charge  and  mass  of  the  electron*  B  Is  the  magnetic 
field*  S  le  the  peak  RP  field*  o  Is  the  RP  radian  frequency  and  the 
does  indicate  differentiation  with  respect  to  time* 

Integrating  (S)*  applying  the  boundary  condition  that  at  y  »  0, 
i  •  f  ■  0  and  oubstltutlng  Into  (1)*  we  find  that 


>  *  7  •  «  R  tinttt 


Ik 


(3) 


fn& 


n  ■  - 

A 

Solving  tliin  equatloa  vlth  th«  l>ound«ry  condition!  that  exist 
vhea  t  M  0»  (hen  y*  ka^wzaOve  find 


O  p 

A  speeial  situation  is  encountered  when  u>  =  (u  .  Then  (u  -  a>  =  0,  and 

c  c 

(tin  t}C  *  sin  <D  c)  H  0  and  the  expression  becomes  indeterminant* 

Q  C 

To  evaluate  it  at  to  *  oi.,  we  write  cn  »  a>  >  A  and  take  the  limit  as  - 

e  c 

/k7**^*  By  this  process  ve  find 

y  *»  (sin  <i>  t  -  <u^  t  cos  ca  t)  (6) 

^  d.  CC  C 

2ui 

c 

z  *  (  1  •  cos  111  t  •  <0  t  sin  (o  t)  (7) 

^  d  c  c  c 

2u) 

c 

The  condition  for  a  multlpactor  resonance  is  that  y  return  to  zero  when 
cpt  «  Sn«  Applying  this  in  (4)*  we  find  that  this  occurs  for 

cu 

-^  =  I  where  n  =  I*  3,  4,  5,  etc.  • 

i.e.»  all  Integers  except‘2.  Equation  f6)  shows  (hat  when  n  »  £  (cD^  « 
the  resonance  condition  is  not  satisfied.  ThereforO^,  the  analysis  predicts 
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reeenanctt  vhtn  ehs  magaetic  field  Is  1/2,*  3/2,  4/2,  etc.  of  tita  cycle- 
cron  retoaanea  field.  Actually  we  obtain  only  two  of  attoauacion 

«a  ahowa  In  Figure  13B»  The  nagnetie  field  at  these  attenuation  oaxlme 
are,  however,  very  close  to  the  predicted  valuea  as  shown  In  Figure  I5, 
where  ve  plot  negnetle  field  for  maximum  attenuation  as  a  function  of 
frequency.  The  higher  n  mode  attenuaelona  may  In  principle  exist  but 
may  never  get  started. 

We  can  find  the  striking  energy  from 

^  -  cos  (D  t)  (8) 

-  ta  ^ 

c 

0  •  *  * 

f 

When  cot  -  2x  and  ■  I.5  (»,  this  gives 

®  ,  • 

^  -  i.2 1 

Using  an  estimated  value  of  E  for  our  SFD-20P  circuit  with  an  Input  power 
of  1  kw,  we  estimate  the  striking  energy  to  be  of  the  order  of  30  to  50 
volts.  This  would  not  be  enough  to  get  the  secondary  emission  ratio 
greater  than  unity  when  the  surface  le  clean  copper.  It  may,  however, 
be  adequate  If  the  surface  le  covered  by  an  oxide  layer.  This  result 
thus  also  corresponds  to  our  experience  that  clean  tubea  do  not  multi- 
pactor.  The  evidence  eeeme  pretty  strong  that  the  effect  postulated  le 
the  one  we  are  observing  -  at  least  at  high  magnetic  fieldc  where  the 
multipactor  la  of  importance* 

At  sero  or  at  low  magnetic  field,  there  may  be  mulclpectors 
between  vane  tips  or  between  vanee  and  cathode.  If  the  tube  is  allowed 
to  multipactor.  at  zero  field,  an  electron  current  of  the  order  of  a  few 
tena  of  microamperes  it  drawn  to  the  cathode  and  to  the  insulated  pole 
piece*  Whether  thie  ie  evidence  of  e  multipactor  between  these  elccttodee 
•nd  veoM  or  whathev  thes*  art  Just  stray  •leetrons  is  not  koowa.  4s 


YI9URB  -  MAGNETIC  niLO  TOR  KAZSCM  MULSIPACtOR  AtZENUATZON 

AS  A  Funmos  or  fiusqveiict  oghfario  uth  f/g  and 
5f/2  ^ 
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t)a£0etl«  field  Is  Incttaaad,  thesa  eatteots  go  thfOugh  several  naxima 
and  Minlmg  aftd  tlieo  dlasppear*  At  higli  itagnetlc  fields  near  the 
Operating  iralaes  for  the  tube^  nO  currents  are  drawn  by  the  multipactor 
effect. 
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7.0  SLOW-WAVE  CIRCUIT  S|pDIES 

E*P«riment8  welfe  made  Airing  the  last  quarter  to  see  if  chd 
couplers  could  lifted  off  the  bars  of  the  circuit  of  a  Cube 
such  as  the  8FD-203  and  connected  to  the  back  wall.  For  this  purpose 
an  experiment  was  Bade  uslAg  Cn  array  of  bars  with  projections  from  a 
back  wall  coupling  capaeitively  to  the  bars.  There  were  two  rows  of 
such  projections*  One  row  oovpled  to  every  alternate  bar  and  the  ether 
row  coupled  CO  those  bars  not  coupled  to  the  first  row  in  a  Banner 
snalegotts  Co  how  ve  nako  rows  Of  C|^  couplers  in  the  SFD-2O3. 

Results  of  cold  tests  on  this  circuit  showed  that  iC  operstOS 
quite  differently  froa  a  notual  circuit.  BvidenteUy  propagation 
occurs  at  low  phase  shift  per  seccioxi  end  the  circuit  le  not  natorielly 
different  from  a  Karp  circuit*  fUT  OUT  purpoast  this  rSBMBres  it  fron 
the  area  of  Interest* 
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£•0  CATHQDl  Sl^llDllS 

Aa  mentioned  in  connection  irtth  our  etodiea,  ve  found 

th«t  bexyliitm  copper  cetbodee  will  dcaetlveto  when  areiog  Cakes  place 
In  •  tube.  After  arcing  considerably  less  Oncrest  can  be  drawn  than 
before  arcing.  The  deactivation  showg  up  as  tho  appsaraaeo  of  a 
maximum  current  boundary  phtaomenOD.  This  is  ahown  by  Figura  16  which 
io  a  plot  of  anode  current  as  a  fmetioa  of  tho  ratio  of  magnetic  field 
to  the  cut-off  magnetic  field  for  a  tuba  in  which  deactivation  has 
occurred.  As  magnetic  field  is  lowarad  tho  enrrent  increases  until  a 
maximum  walna  of  about  13  peak  amperes  is  reached.  Ihe  current  then 
suddenly  drops  to  a  low  value,  thus,  a  horizontal  Una  at  I3  amps 
r^resenta  a  maximum  current  boundary.  Xt  ii  to  bo  noted  that  the 
shape  of  thia  boundary  it  much  dlff^ent  than  that  shown  in  Figuro  3 
for  a  small  ditaetar  amooth-bora  tuba. 

Prior  to  desetivation,  thio  eatiiodo  could  draw  a  considerably 
larger  currant.  This  is  indicated  by  the-  dotted  lines  in  Figure  16. 

*'^co  o  eurrent  of  70  was  obtained,  tho  appearance  of 

a  maximm  current  boundary  does  not  affect  the  current  drawn  if  thlo 
current  lo  moderately  lesc  than  the  boundary  value.  Xa  aucli  a  range, 
the  tuba  is  operating  apace  charge  limited  and  operation  is  not  affected 
by  cathode  properties.  Vhen  the  boundary  ta  readied,  the  tube  tries  to 
draw  store  current  than  the  cathode  can  supply.  What  possibly  happens 
is  that  the  hub  apace  charge  it  rapidly  deercaaed  and  cathode  back  bombard 
ment  la  reduced  until  it  can  no  longer  supply  the  current  called  for. 

Thin  reduction  In  back  bombnrAaant  would  ceeount  for  the  current  dropping 
to  a  low  valuo  rather  than  just  limiting  at  the  maximuia  value. 

A  very  similar  deactivation  to  that  depleted  in  Figure  16  for 
the  8rD-a05  has  also  been  obsarvtd  in  tho  SF0-20T  and  on  raro  oecaalens 
in  the  8FO-S02. 

Ono  cure  for  thio  difficulty  is  to  use  tpaclngs  largo  a»vuigh 
99  that  ttclqg  dots  mofe  oocus*  Zhio  howanres,  ha  diffilculg  X-banf 


6 


to 


SKetch  of  eeatimuitioe  of 
curvos  for  good  eathodoV 
•howftig  no  ^ 
current  bouadnxj 


xim  curront 
bottttdnry 


16  •  CURRENT  AS  A  VUMCtlOB  OP  B/^  POg  gFD»20S  AFTSK 

»EACTivAno»  M  MCUW, 

WQIMUM  CURRENT  SOOUDARX  fttBiOHENOK 
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so  that  another  cura  must  ba  lOoVctt  ior»  A  tlfcaty  posaibility  is  tha 
tia«  of  so  esldt  Inpragnatad  nideai  natriit  cathode  as  it  «ted  in 
magnetrons*  8iidi  cathodes  appear  to  he  lose  Senticive  to  deactivation 
caosed  by  arcing*  For  use  in  a  tubs  Operating  from  a  de  voltage  auch 
a  cathode  smat  be  hept  cool  so  that  thero  it  no  primary  emission  vhleh 
could  causa  nolae  or  spurious  tiira«ea  in  the  intcrpulse  period*  fioch 
an  oxide  cathode  hat  been  tried  recently  in  en  SFD-S02  tube*  Xhe  cathode 
vas  constructed  on  a  solid  cylinder  and  no  heater  was  eaed*  Tho  cathode 
was  activated  by  heating  it  in  a  bell  Jar  to  braaV  down  the  eerbonates* 

Zt  was  then  removed  from  the  bell  jar  sad  placed  in  the  tube*  Nben  the 
tube  was  firat  tested,  it  gave  off  nore  gaa  for  a  few  houra  than  did 
a  tuba  with  a  bary Ilium  copper  cathode  but  than  aettled  down  to  operate 
at  the  same  low  pressure*  The  eurreut  drawn  from  the  oxide  eethede  was 
snbatantislly  the  same  as  that  frem  a  beryllium  copper  cathode  as  shown 
In  the  curves  of  Figure  12  of  the  eeeond  quarterly  report*  The  next 
step  will  be  to  Incorporate  auch  a  cathode  in  the  X*band  tubes* 

We  can  show  the  factors  that  the  maslmn  current  boundary 
depends  on  by  the  following  procedure.  The  rotlo  of  hub  thidmeea  to 
the  aaode*to«cathode  spacing  la  given  by 


or 


V 

^  ^  approKimatoly 


vhere  y  •  the  hub  thickness 

d  «  the  anode*to-cathode  apacloS 
V  m  the  anode  voltage 

■  the  ayachccacna  voluda 


# 
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The  average  charge  density  in  the  hdV  t*  (piTfen  by 

p  -  11  B*  (2) 

Zhe  tine  for  an  eleetvea  to  eooylete  a  trajaetory  leaving  tli*  eathode 
and  later  returning  to  tBe  eathodo  la  shewn  hy  Slater  to  bo  proportional 
to  l/o^  for  a  seriated  seltttien  of  the  hub  opaee  durgo.  Vo  vlll  aaaoBe 
that  the  effeeta  of  BT  represent  a  perturbation  of  ouch  a  trajeetory  ae 
that  the  same  proportionality  to  vlll  hold*  Prom  this*  VO  can 
calculate  that  tbo  current  returning'  to  the  cathode  vlll  be  pteportiOBal 
to  tlaes  the  total  charge  lo  the  hub . 

J,  *.  8*  II  *  4  (^)  (3) 

vhare  «  the  current  returning  to  the  eacbede 

h  ■  the  eatboda  baight 
r  ■  the  radius 
8  «  magnotU  field 

Tbo  current  available,  to  bo  drawn  fron  thp  eathode  vust  be  S  times  1^, 
where  5  ia  the  eeepadary  emtoaiou  ratio.  Of  this  current  (5  -  l)  Z^ 

Is  available  to  bo  drawn  to  tha  aoodt  while  1  aiust  ratutn  to  the  cathode 
to  maintain  tha  'back  bombardaent.  Ttma  the  eurrent  available  to  be 
drawn  to  tha  anodt  beeonaa 

Z  a.  (0  -  1)  h  r  d  ^  (b) 

Using  v^»  the  synehroneua  voloeity  ^  obtain 

Z  a.  (d  -  1)  B^  h  r  (5) 

iBiresrart  b  g  it  proportiooat  to  tbo  charaotetistia  current* 
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»  ve  come  to  the  coneluajLoa  the  viaximan  eurraat  it  propor* 

Cional  to  (&  -  1)  times  the  charseterlstlc  current.  Since  ell  tubes  of 
e  given  class  tend  to  operate  at  thu  eeme  ratio  of  eurrcat  to  eharac* 
teristlc  eurreotf  the  limitations  Imposed  bp  e  vsxlmum  current  boundary 
are  e  function  of  (b  -  1)  alone.  ▲  lov  6  would  be  Just  ae  moeh  of  e 
problem  In  a  tow  frequency  tObe  as  la  e  high  fireqpeot/  one  even  Chough 
the  curreat  density  drawn  In  the  fosmor  uuo  very  audi  leoo. 
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9.0  CONCLUSIONS 

Th»  eotfclutlons  to  l>e  dvawa  from  the  work  done  this  ({uarCe?  arei 

1.  Crossed- field  amplifiers  e«n  be  COostnicted  vlth  bandwidths  of 
8  to  12^  vlth  the  tube  operating  at  eonaeaat  aaede  voltage.  She 
frequency  reeponse  Curve  Is  decentloed  by  counteracting  tendencies  . 
of  the  rate  of  field  decay  away  from  the  anode  surface  end  the 
percentage  of  voltage  above  the  Bartree  value.  A  gain  of  1?  +  0.75 
db  has  been  obtained  with  this  type  of  Operations.  Cains  of  I7  db 
have  been  obtained  at  spot  points  without  a  Simultaneous  investiga¬ 
tion  of  the  gain  vs.  frequency  characteristic. 

2.  The  frequencies  of  smooth-bore  or  apace  charge  modes  are  deter¬ 
mined  by  resonances  of- the  interaction  apace,  not  by  any  eharaeterlstlc 
of  the  modo  itself, 

3.  Turnroff  with  t  control  oloctrode  can  be  obtained  with  a  geometry 
which  is  compatible  with  our  usual  techniques  for  debunchlng  epokes 
in  the  drift  region. 

4.  A  method  of  dotemining  leakage  current  to  the  pole  pleeea'has 
been  worked  out  and  applied  to  the  SFO-20?  tube.  The  same  technique 
can  later  be  applied  to  other  tubes.  Tests  have  shown  that  leakage 
current  In  the  SPD-202  Ic  small  and  that  space  charge  mode  current 
goes  aerosf  the  Interaction  apace  to  the  anode. 

5.  A  multipactor  effect  la  which  electrons  run  along  the  aides  of 
the  vanes  is  responsible  for  attenuation  affects  observed  when  eho 
■agnatic  field  la  close  to  the  operating  value.  Such  multipaetot 
affects  can  be  avoided  by  keeping  the  surfaces  clean. 

6.  Arcing  in  a  tube  causes  deaetlvatlou  of  beryllium  copper  cathodas» 
The  deactivation  ahova  up  as  a  naximum  current  boundary.  For  cttrrauta 
lass  than  the  autxlimiay  the  tuba  operates  apace  charge  limited  and 
Operation  is  Independent  of  cathode  properties*  Vheo  tbo 

euvreur  i«  exceeded  £ba  eurreot  suddenly  drops  to  a  tow  value* 
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7*  Secondary  aflittlng  eetlioSee  een  bo  oaSo  by  the  normal  tech¬ 
niques  used  for  magnetrono  exsept  that  the  heater  la  omitted.  * 
Zhe  cathode  stay  bo  activated  la  a  ball  jar  cad  later  placed  la 
the  tebe. 

6.  Cold  tests  of  the  complete  SfD-203  Mbe  have  turned  up  no 
fuadamental  problems,  tfe  vlll  now  proceed  to  hot  test  the  tube. 
Some  resoaaaces  la  the  tuba  body  have  been  found  Which  vlll  have 
to  be  allfflloated  evaatuslly  but  chaacee  are  that  they  vlll  not 
Intetforo  with  laltial  hot  testing  at  selected  points  In  the 
band. 
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10.0  TROCMM  m  unt  Gtums^ 

1.  Hot  tece  th«  8F0»203  etib«. 

S.  Continue  testa  with  the  SFD*S02  amootVIiore  tube  for  the  purpose 
of  better  undecsten^int  of  tpeee  ehargo  nodes. 

3.  Continue  tests  on  control  eleetrodo  in  the  SFl)-202  tube. 

U.  Continue  erperlnents  on  the  .two  X-hand  tubes.  Incorporate 
oxide  cathodes  Into  these  tuhes.  Compare  operation  Of  forward  end 
backward  wave  tubes.  See  hew  nueh  gain  ean  be  obtained  at  constant 
voltage  in  the  forward  wave  tabs. 

3.  Initiate  tests  of  secondary  emission  of  eathodas  ttslng  a 
secondary  emission  tester. 


C 
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